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PREFACE. 

No  commercial  question  is  of  more  vital  importance  to  Canada,  at  the 
present  time,  than  the  energetic  development  of  the  natural  resources  of  the 
country,  particularly  along  the  lines  of  iron  and  steel.  In  the  past,  not  only 
has  the  greater  part  of  the  iron  ore  smelted  in  our  blast  furnaces  been  imported, 
but  even  the  sands  used  in  the  making  of  castings  in  our  foundries  have  been 
almost  entirely  imported  also.  Knowing  from  surveys  made  that  we  have  im- 
mense deposits  of  sands  and  sanflstones  in  various  parts  of  the  country,  which 
have  never  been  exploited,  nor  tested  as  to  their  economic  %alue,  it  was  decided, 
m  1914,  to  begm  a  series  of  technical  investigations  of  the  sands  of  the  Dominion — 
especially  those  indicating  suitability  for  fouiidrv  purposes;  and  this  bulletin 
by  Mr.  L.  Hober  Cole,  is  a  preliminary-  record  of  the  tests  made,  and  original 
research  work  done  in  coimexion  therewith. 

It  is  hofied  that  the  facts  and  data  furnished,  mav  \ye  of  practical  value  to 
those  engaged  m  the  iron  trade,  and  particularK  those  interested  in  the  applietl 
science  of  founding  in  metals. 

iSi^Kcdi  Eugene  Haanel, 

Director  Mines  Branch. 
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OCCURRENCE  AND  TESTING 

OF 
FOUNDRY  MOULDING  SANDS. 


THE  OCCURRENCE  AND  TESTING  OF  FOUNDRY  MOULDING 

SANDS. 


INTRODUCTORY. 

The  need,  in  Canada,  for  foundry  moulding  sands  of  different  grades,  suitable 
tor  different  classes  of  castings,  has  increased  greatly  in  the  last  few  years,  and 
has  led  the  Mines  Branch  of  the  Department  of  Mines  to  investigate  many 
Canadian  sand  deposits,  to  determine  their  suitability  for  this  class  of  work  At 
the  present  time,  a  large  part  of  the  sand  used  in  Canadian  foundries  is  imported 
and,  although,  in  a  number  of  instances,  local  deposits  furnish  small  quantities 
to  foundries  in  the  immediate  vicinity,  no  deposits  have  been  opened  out  on 
such  a  scale  as  to  furnish  properly  graded  sand  to  the  general  foundry  trade  of 
Canada,  the  supply  being  drawn  mostly  from  the  United  States. 

In  the  sumnier  of  1914.  investigation  of  the  sand  deposits  of  Quebec  was 
commenced  by  the  Mines  Branch,  the  field  work  being  continued  during  the 
seasons  of  1915  and  1916  and  extended  into  eastern  Ontario.  DurinI  the 
season  of  1917,  field  work  will  be  carried  on  in  western  and  southwestern  Ontario, 
in  the  course  of  the  regular  field  work,  several  deposits  of  sand  were  encount- 
ered, which,  based  on  field  examination,  gave  promise  of  being  suitable  for 
moulding  sands.  Samples  of  these  were  taken,  and  sent  to  the  Mines  Branch 
Laboratories,  Ottawa,  for  examination  and  testing. 

FOUNDRY  SANDS  IN  GENERAL. 

Foundry  sand  may  be  divided  into  two  main  classes:— 

whirh  ;k»  r^  "^  '^"1'=   "'■  ^^^,  '^"^  '^^'''^  '^  "^  to  make  the  mould,  into 
which  the  molten  metal  IS  actually  poured;  and, 

(2)  Core  sands:   which  are  utilized  for  making  the  cores  that  occupy  the 
hollow  spaces  in  the  casting.  "«.upy  ine 

nf  ti,?^  "?aterial  used  for  foundry  sands  varies  greatly  according  to  the  nature 

?o„nHr^  l^"^'  ""^  r'^J  '°^'^  P°"'"^'  '^^  P^^rticular  part  of  the  mould,  and  thi 
foundry  where  employed.     Thus,  materials  varying  from  a  heavy  clayey  loam  to 
aTT  r.Y-'^"^'  ^r%"^^  according  to  the  nature  of  the  casing  Ung  r^ade 
so  too  ^^-ff  ^'  "T^^'^  ^°7  ""^'^  castingwould  not  be  satisfactory  for  fine  work 
so  too,  a  different  grade  of  sand  entirely  is  frequently  used  for  making  the  cores 
Again,  ,n  green  sand  moulding  the  sand  used  differs  from  that  used  in  dryTand 
moulding-where  the  moulds  and  cores  a. ,  first  baked.     The  practice  in  varTous 
foundnes  is  so  diverse,  and  the  sand  employed  for  different  gradeS  of  casri^-^ 
ZZr^Z'^'X'  i^'  •*  '^  ^''"°^'  impossible  to  lay  down  a  hard  a-      asrsetSf 
8t?adards  to  which  a  sand  must  conform  in  order  to  be  called  a  fc     dry  sand 

sanS  anToartlvToThi'r.  TT''  '"  "'^jf''  the  average  foundryman  Jk7o?"^s 
of  ce'rS  «nH=  ^li  ^^^f  accurate  knowledge  as  to  the  behaviour  and  action 
ot  certain  sands  with  regard  to  the  castings  made  in  them.  The  sand  used  in 
most  cases  IS  employed  on  the  advice  of  the  foundry  superintendent  who  Ser- 
a  ly  trus  s  to  h,s  practical  experience  in  the  handling  of  s^ds,  as  to  the^uftaS 
of  a  particular  sand  for  the  work  in  hand.  The  appearand  of  the  Lnd  to  tS 
T'fh^'l  \'''?"'  L'-^'"  :"'"'"  '^^  •'"P'-^^^  °f  the  hand  w^n  damp  ar^  geniall J 
look  of  hf .  °  T*"'^*  '^^  '^"^  '^  subjected.  If  the  moulder  dcS's  notTke  the 
frennlti  ^J?'*"  ^'"t.mitted.  and,  especially,  if  he  knows  it  is  a  local  sand  it  is 
frequently  condemned  as  not  suitable  without   further  examinatloJ^    Whi^J 


this  condition  of  affairs  exists,  it  will  be  hard  to  adopt  any  standards  for  mouldin 
sands,  but  it  is  conceivable  that,  when  the  qualities  of  different  sands  in  relatio 
to  the  class  of  castings  made  in  them  have  been  more  fully  studied,  it  will  mos 
likely  be  possible  to  formulate  a  set  of  standards  with  limits  within  which  a  sam 
may  be  determined  to  be  suitable  for  a  certain  class  of  casting  by  systematic  laboi 
atory  and  foundry  tests. 

THE  CKCURRENCE  OF  MOULDING  SAND. 

Natural  Moulding  Sands. 

Moulding  sands  occur  in  two  main  types  of  deposits;  but  variations  c 
these  types  may  be  encountered.     These  are: — 

(a)  From  flood  plain  deposits,  and 

(b)  Re-washed  ancient  beach  sands. 

(a)  Flood  plain  deposits. 

From  the  nature  of  a  moulding  sand — it  being  essentially  a  silica  sane 
with  each  individual  grain  coated  with  a  bonding  material — one  would  expec 
to  find  it  occurring  whore  deposits  of  sand  and  clay  were  constantly  being  intei 
mingled,  and  worked  over  by  water,  and  as  a  matter  of  fact,  moulding  sands  i 
flood  plain  deposits  are  of  quite  common  occurrence.  In  these  beds  the  sand  an 
clay  have  been  well  and  intimately  mixed  by  the  river  currents,  and  deposite 
on  the  higher  levels  in  flood  time;  the  excess  of  clay,  being  more  minute,  is  carrie 
off  by  the  water. 

One  would  thus  expect  to  encounter  moulding  sands  of  this  character  alon 
the  upper  terraces^  of  the  larger  rivers  of  the  country,  such  as  the  St.  Lawrenct 
also  along  the  banks  of  the  ancient  waterways. 

(b)  Re-washed,  ancient  beaches. 

The  second  class  of  deposits  which  are  frequently  encountered  are  of  seconc 
ary  origin.  The  sand  bars  and  beaches  of  the  ancient  seas  have  been  worke 
over  by  the  waves  as  they  recede,  when  new  levels  of  the  lakes  and  seas  are  formec 
The  washed  material  from  these  beaches  consists  of  sand  and  clay,  the  formt 
being  deposited  in  greater  abundance.  It  is  in  deposits  of  this  class,  which  ai 
found  at  a  lower  level  than  the  old  beaches  or  water  margins,  that  mouldin 
sand  may  be  expected  to  occur.  These  deposits  are,  therefore,  to  be  looked  fc 
in  the  vicinity  of  the  ancient  glacial  lake  margins,  such  as  the  Iroquois  an 
Algonquin,  which  formerly  occupied  the  Great  Lake  Basin;  and  also  within  th 
boundaries  of  the  ancient  Lake  Agassiz  in  Manitoba.  Similar  ponded  watt 
bodies  in  glacial  times — extending  as  far  as  the  foot-hills  of  the  Rocky  mountair 
in  Alberta — may  also  have  deposits  of  this  character  within  their  margins. 

Prepared  Moulding  Sands. 

The  natural  moulding  sands  referred  to  above  comprise  by  far  the  greatt 
part  of  the  sand  used  in  Canadian  and  United  States  foundry  practice;  bi 
there  are  being  employed  increasing  amounts  of  what  may  be  termed  "prepare 
moulding  sands;"  and  as  the  suitability  of  this  class  of  sand  becomes  better  know 
there  is  no  douljt  that  their  use  will  be  widely  extended.  Thesi  sands  are  fn 
pared  for  use  by  crushing  either  sandstones  which  have  a  very  friable  bondin 
material,  decayed  granite,  or  shattered  sandstone  having  the  fractures  fille 
with  a  plastic  material  (such  as  kaolin,  etc.).  These  sands  have  no  fillers  adde 
to  them,  but  have  perhaps  to  be  screened  and  washed,  as  well  as  crushed,  befoi 
being  offered  to  the  trade. 

Under  this  class  may  also  be  placed  those  earthy  loams  which,  by  washing- 
to  remove  part  of  the  clayey  content — may  be  utilized  as  a  suitable  foundr 
sand. 


Synthetic  Moulding  Sands. 

r^r^J^.^V  foundrymen  have  stated  that  they  feared  it  is  quite  possible  that  the 
present  known  deposits  of  high  grade  natural  moulding  sand  will  become  ex! 
hausted.  and  that  resort  will  have  to  be  had  to  artificial  or  synthetic  Sdrne 
sands  made  by  intimately  mixing  finely  crushed  quartz,  or  clean,  sham  said 
with  clay,  so  that  each  gram  of  quartz  would  become  uniformly  coated  IK th?he 
nwr"  thp  ''^'''^"fy  ^  ^^P  that  sand  so  prepared  will  have  decided  ad^an  tag2 
over  the  sands  at  present  in  use.  in  that  it  will  be  possible  to  manufacture  a 
uniform  material  for  the  class  of  work  required,  and  also  that  variations  n?h? 
material  can  be  made  at  will  to  meet  the  requirements  of  the  trade. 

THE  TESTING  OF  MOULDING  SANDS, 
two  Jfrts';-'"'"''^'""  ''"'^  ^""'^'"^  °^  ^  moulding  sand  deposit  can  be  divided  into 

(a)  The  field  examination  of  the  deposit. 

(b)  Laboratory  examination  and  testing  of  the  sands. 

Field  Eiamination  of  a  Sand  Deposit. 

In  undertaking  a  field  examination  of  a  moulding  sand  deoosit    there  ai* 
several  points  to  be  taken  into  consideration  —  aeposit,  there  are 

1.  Nature  and  extent  of  the  deposit  (area  and  depth). 

2.  Uniformity  of  sand. 

3.  Transportation  facilities. 

4    Location,  with  respect  to  the  larger  markets 

1  he  importance  of  a  field  examination  can  readily  be  seen      A  sand  rmv  h^ 

easfy  tXi  ed""STs°;' rf"'^-"^  IT^^^^'  'i  '^  '^  ^^  ""  "uffii^qu^nrit^ 
easily  exploited,  and  is  not  favourably  situated  to  the  larger  markets  for  thi« 

sand  oSted     th/'"'  '"f""''"^  °"  ^'"^P  "^  ^^e  area  and  the  boundaries  of  the" 

fo^te'   fng  Ltriat^^  'ffT"'  r ^'  *°^^^^^^  ^°  °^^^'"  a  un.7ormX,e 

are  taken  '^^oratorj .     If  more  than  one  grade  is  noted,  separate  samples 

Laboratory  Examination  and  Testing  of  Sands.' 

quest?o"n'.~"1vLfarl'^tr'"'-''''^  "^  '^f  ^^'"P'*^^  '^^'"^  '"  ^^e  field,  the 
litera  ure  on  mn„S;n  a    ■    '^^^""■t'ments  of  a  good  moulding  sand  ?"     The 

atS  Ss  to  detcrminn"^'  ■«  very  meagre,  and  any  systematic  series  of  labor! 
work  done  by  4veTaT7thesT.l%'"'''^^  ^"rl  ^  ^°"".^'->'  ^^"^  ^''  ^""^n^^d  to 
and  the  AmeriSn  Fiuidrymfn'^  WiarioS'  ^TH^  "■  ""'^^^rt'  -Washington. 

follows:-  consideration  in  the  examination  of  a  moulding  sand  are  as 


Texture. 

««n]i*'*Ti.**""M°'"  '•"^"^.^  o^  K'ain  is  one  of  the  most  important  points 
!L!^-  •-  .T*"»*'"  necessanly  vary,  according  to  the  size  and  kind  of  casting  to 
Iw  Vr^'i         **""i  'J  '^  at  once  obvious  that  sands  will  have  to  be  selected 

L I  nihlJ?'  r  l?'^  ^"J  *'".',*'  *''7  ^'^  '■^^"*^«1'  «'• '"  °ther  words,  sand  iS 
w  suitable  for  light  work  would,  perhaps,  be  a  failure  when  used  with  heavy  w" 

Refractoriness. 

mnl  Jn  l".''f '^"'^^  °^  effectively  resisting  the  destructive  action  of  the  heat 
iTt  llV  -n    •  "i°^  ""P«^tance.     The  greater  the  size  of  the  casting,  the  Ion, 
JnThl  t\l    T  '".^;  ^''''T  ^^^  "^"^  i"  ^""*^"  ^•''^  t''^  'n«t^'  will  be  subjec 
llrl^.    r**  ^""""^  ^°'  \°^f'  P^""*'  "f  »''"^'-     '»  '«  ^'bvious.  therefore,  that 
rifl  ^f  ^^''  ^  '"°'*'  *"«'''y  refractory  sand  will  be  required  than  for  sn, 

Bonding  power. 

Moulding  sands  should  possess  sufficient  bonding  power,  or  cohesiveness 
the.r  particles  to  each  other  to  retain  firmly  the  shaj^  ^d  form  of  the  patS 
and  also  to  resist  the  pressure  of  the  molten  metal  in  the  mould.  This  bondi 
power  depends  partly  on  the  clay  mixed  through  the  sand  particles,  and  the  cl 
coating  on  the  individua  grains,  and  partly  on  the  nature  of  the  grains  w'.et 
they  are  angular  or  rounded,  coarse  or  fine.  As  a  rule,  the  finer  and  more  angul 
the  sand  grains,  the  greater  the  bonding  power.  ^ 

Permeability. 

=..;.  ?T.  °f  ^^"i  properties  of  a  moulding  sand  which  helps  to  determine  i 
suitability  for  foundry  use  is  that  of  allowing  the  escape  ol  gases  through 
The  mo  ten  metal  develops  gases  which  exert  a  pressure  on  the  face  of  the  mcu 
and.  unless  the  spaces  between  the  grains  are  sufficient  to  enable  the  gases 
generated  to  escape  freely,  there  will  be  serious  danger  of  creating  scabs, 
causing  the  castings  to  blow  on  this  account.     Obviously,  then,  heavy  rastin 
will  require  a  more  open  sand  of  a  coarser  grained  texture  than  will  fine  casting 

Durability 

..t.a'^^^T^^'u^^  °''  'i^''  °^  '■^  ^^"^  '"  °f  8''^»t  importance.  There  are  mat 
sands  which,  when  used  once  or  twice,  lose  some  of  their  desirable  qualitie 

^^'''"'a  ^■°"'*'  ^""^"^  °''  ."**''^""-  '*  '^  manifest  that  the  sand  in  conta 
with,  and  adjacent  to.  the  molten  metal  will  suffer  most.  The  present  practi( 
IS  to  screen  out  the  coarse  particles,  and  add  fresh  sand  to  the  remainder  Tl 
greater  the  durability  of  a  sand,  the  better  it  is,  as  it  will  last  longer,  and  it  w 
not  be  necessary  to  add  fresh  sand  to  it  so  frequently 

J"  deciding  upon  the  methods  to  be  employed  in  examining  the  samp!( 
taken— with  a  view  to  ascertaining  their  characteristics  regardi.ig  the  qualiti. 
just  enumerated.  It  was  decided  to  proceed  as  follows—      "         ^         ^ 

The  sample  for  examination  is  first  passed  through  a  10  mesh  screen,  an 
what  IS  retained  ori  this  screen  is  considered  the  sample  for  examination;  and  a 
ttsfs  are  conducted  with  this  material. 


Texture. 

The  texture  is  determined 
rerentativc  sample,  generally 
Tyler  standard  screens,  by  sh; 


ACTUAL  TESTS. 

"  making  a  granulometric  analysis  of  a  ref 

grams.     This  is  passed  through  a  series  < 

-g  for  a  definite  length  of  time  on  a  mechanic 
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Indicate  the  screen 

SCREEN  SCALE  RATIO  1  414 

WEIGHTS 

crushed     through 
and    also    first 

Openings 

Mesh 

Diameter 

wire 

inches 

Sample 
weights 

retaining  screen 

Inches 

Milli. 
metres 

Per  cent 

Per  cent 
cumulative 
weights 



•065 

•046 

•0328 

•0232 

•0164 

•0116 

•0082 

•0058 

•0041 

•0029 

1-651 
1168 
•M3 
•589 
■417 
•295 
■208 
•147 
104 
■074 

10 
14 
20 

28 
35 
48 
65 

035 
•025 
•0172 
0125 
0122 
•0092 
•0072 

100            .(.K)42 
ISO             0026 
200            .0021 
200             0021 

Pass.. 



1                1                 1                 1     Totals, 

In  order  to  gain  some  idea  of  the  relative  fineness  of  thp  «anH    ^^a  *    k» 

The  results  obtaTnlrare  totaS  aKjid^rbv  ^^'''r '''^"  passed  through, 
average  fineness  In  ntnor  ,^^rZ  -t  „  X!"*^"  ^^  '^'  the  resultant  being  the 
to  p  u'niSm  sLe.  the^w^'.iZj'/,- i^^f  ,i^^,,«':^'"«  °^  '^"^  l^'"?'^  ^^^-  --^"ced 
to  the  average  fineness  of  the  sar^n^f  F  ^^  ^  T^l"  ^''"^  ""^^^  was  equal 
of  a  sand  is:-  ^"'P''^-     ^°'"  ^^'"Ple  the  granulometric  analysis 

The  calculations  for  average  fineness 
will  be 


Retained     on 


Mesh 

10 

14 

20 

28 

35 

48 

65 
100 
150 
200 


/c 


0  10 
012 
023 
0^65 
0^72 
150 
1301 
22-30 


14 
20 

28 

35 

48 

65 

100 

150 

200 


010 

012 

023 

0  65 

0^72 

150 

13  01 

22  30 

61  37 


1-40 

240 

6  44 

22  75 

34  56 

97  50 

1301  00 

3345  00 

1227400 


Through  200        61-37        Total i^^^j:^ 


Tl„.e  17085  05 
^*'"'~I00—    =    ^70^85 


or  the  average  fineness  of  the  sample  is  170-85 


MkroKopIc  Eiamlnatlon. 

K^tkV  *'t'  been /ound. that  the  free  use  of  the  microscope  in  examininjr  the  sane 
both  resh  and  after  be  ng  burned,  has  added  valuable  daU  which  helps  materia" 
ihe  LhhT'"^  ^  «and's^«u  tability  for  a  moulding  sand.      MicropKraphr 
the  Mnd  are  also  valuable  for  comparison.  oj'aHiisi 

Refractoriness. 

The  refractoriness  of  a  sample  is  determined  by  preparing  a  cone  of  th 
^^jfJ^T^  .t  to  fusion  in  an  electric  furnace  aloSg  withltandTd  leg. 
cones,  and  noting  at  what  cone  the  sand  fuses.  -"uaru  ,Teg. 

B<mdin2  Power. 

in  -,  u'iil''/''^'"'"^''""  "^  'l^^,  bonding  power  of  a  moulding  sand  from  tests  eithe 
m.th^  T'^"'  •"J'^ -"^^  ^".""^"^  P'^^''*^«  P^^^^nt**  '"^"y  difficulties,  and  "h. 
Tnliflm  ff  devised  give  only  relative  results,  and  these  are  variable  accord  n 
W^Lil  .  '^"^  -P^f^''"' '" '"^'*'"K  the  tests.  The  tentative  method  adopS 
wlsWn  on  D  r'"r- If  ^''f  ^^e  method  employed  by  the  Bureau  of  Standa'iSs 
^ronoTi,  P:P  •  T-^^^^  ^^"^  ?''«^*  modifications.  By  this  test  the  transvers* 
^trengUi  of  the  sand^  determined.  A  known  quantity  of  a  particular  "and  i^ 
^af  tS  (general  y  500  grams),  and  mixed  with  a  definite  quantity  "water  s' 
that  the  sand  will  just  hold  together.     From  this  sand,  a  test  bar  is  made  on 

piece^f'pb'trgE""'  '"  ''  '""'^^  '°"^-     '"''•^  '^  "''"'^'^  •"  '  -^P  fl-k  -  * 

»»,  P^  ^k"*^  j  ^^'^^^  '"  ^^"i  ^^^^  ^^  uniformly  as  pos.sible  from  end  to  end  with 
the  thumb  and  forefinger  of  each  hand,  and  smoothed  with  a  trowe"  The 
flask  .s  remov^,  and  the  test  bar.  is  left  on  the  plate.  The  glass  plate  and  bar 
are  then  weighed  the  we.ght  of  the  glass  plate  having  been  previousMeteminS 
and  the  weight  of  the  test  bar  is  obtained  by  difference 

l^ncrthJ^i  ^^^  ^T  b*"  *^'l'  [^^^'"^  '^!  moisture,  it  is  gently  and  steadily  shoved 
lengthwise  over  the  edge  of  the  glass  plate  until  it  breaks  off  and  the  lengtl.  brea?^ 
ing  oH  is  noted.  Continuing  this  operation,  successive  portions  are  i-oken  off 
and  the  average  length  of  the  overhang  at  the  breaking  moment  is  determined. 
1  he  weight  of  the  bar  in  grams  being  known,  the  transverse  strength  of  the  stjeci- 
men  can  be  calculated  from  the  following  formula:— 


S  = 

S  = 

W  = 

L  = 


W 

4 


X 


U 


453-6 

transverse  strength  in  lbs.  per  sq.  in. 
total  weight  of  bar  in  grams, 
length  of  overhang  in  inches. 


A  series  of  tests  were  conducted  on  each  sample,  taking  5  c.c.  additional 
water  each  time  until  the  test  bar  deforms  on  attempting  to  shove  it  over  the 
edge  of  the  glass.  An  average  of  the  transverse  strength  results  obtained  bv 
using  varying  quantities  of  water  is  taken  to  represent  the  transverse  strength 
ot  the  specimen.  " 

Permeability. 

The  method  adopted  for  the  determination  of  the  permeability  of  a  moulding 
sand  IS.  as  far  as  the  writer  knows,  entirely  new.  L.vestigations  along  this  line 
have  consisted  in  passmg  either  a  definite  amcint  rf  water  or  air  through  the  sand, 
and  noting  the  time  required.  Both  these  methods  introduced  a  serious  error,  since 
once  the  first  air  or  water  had  passed  through  the  sand,  channels  would  be  opened 
through  the  sand  which  would  greatly  facilitate  the  flow  of  the  remainder  of  the 
air  or  water.    To  overcome  this  diflficulty  the  apparatus  shown  in  Fig.  1  was 


< 


be 


8 

the  sand,  and  ignited  the  instTnH  reISs  the  ton  r"f'lh ^"'"'r  t  ^^'"^  '^' 
of  time  required  from  when  the  eisTs  V ,!rnif  i  ^  the  sand  tube.  The  int 
noted  by  a  stop  watch,  thus  determ  n.ne  tho  Iv'i'"  '^-  '"T""^  ^^  'gnif^ 
commg  the  error  due  to  the  Sn^of  chan-  ol  fh  P^Tl°^  '^"^  «^''  ^"^  < 
are  run  on  each  sample,  using  f  ™h  sand  olrh  ^'"^^^  '^'^  '^^"^^  Three 
the  permeability  factor.  The  sand  fsnaXd  ^-f '  T'' •  ^^""""^^  ^™^  '«  tak< 
-n  a  small  quantity  at  a  time  (abou  Hnrh  n^  ' w?''^  '!!  '^"^  "^''"der  by  pk 
seconds,  using  a  5  lb.  weighs  When  he  cvlindor  ^'  ^'"f  P-i^^-^g  "  down  I 
on  the  top  with  a  straight  edge.  cyhndcr  is  filled  it  is  struck  off  1 

Durability. 

any  ^:!::T:^S^ ^^I  tSS^^S^  ^'f-^--^  '-^-'^y  -  to  whe 
test,  which  must  always  iJ  reeSd  .?fh  fi  ""f  ^''^^^  ""  ^"  ^^e  durab 
unworked  deposit  is  ay^^^ed^ortjc^tcd  Th?  V"''  h- ^^■'^'■'^''  ^  ^'''"^  ^^"'^ 
rbl  delSK^^'^'-^^-- clS^^n^:4e^;i^St^^a^ 

satis^^;;!^Si::Sain^S:^ili^;^'i^i-^  tests,  has  pro 

<n  a  commercial  foundry,  where  cm  n^.^'rf     '^'"]P'''/'  "''Gained  and  tes 

sand  is  deemed  best  suktS      A^a    "rn  Is   t'"^  '""'''^  u^  '^'  ^'^^^  '"  ^^ich 

thegeneralrunof  the  foundry  and  the  s.nHfrr"/  "/T '^''  ""^  ^'^'^^h  come. 

Care  s  taken  tc.keepKparate'l    the  Jnclnth  ,  ifth'''^'-  "'•"'  ^'^^^  ^'^''^  P^"^ 

cast  from  the  same  pa Uern  is  made   ,t  "r^^  t   /         ?''''"u^'' ™"'*^'^^ 

This  operation  is  repeated  unl  The  snnTv,^  tl„s  sand  without  any  fresh  add 

each  cast,  the  -nd^s  thoroughly  Sdamf  a  ^^^^^^^  ^^ 

arc  submitted  to  all  the  laborunrv   Jf  t  ?      .  'P'^'  *'''^'^'"-     These  samp 

ences  noted.     For  me  a,  s  of  c  C  ri  mff^W         '^"'''^^'  ^"^'  ^^V  '"ff 

in  parallel  with  the  sand  1^?^^./^^  '^"P  "-'"e  series  of  castings  is  ma 

sand.  ''"'^  "^'"S  »^^t^d-  I'mployuig  .some  well-known  moukH 

To'm'strtteTh  '""T!""^  ''''''''■''  '^■^'^'^  BROCKVILLE,  ONT. 

mou£gLrutVk"-:,'gtpo7o'p.tir  ^'^^--i-;-  -^  ^-^-^  ^^ 

near  Brockyillc,  Ont.,  Sserye  Thi  I  "" '''  '^'^P""'  "^  moulding  .sand  fro 
course  of  the  regular  f^eld  work  ?;  J  ^eposit  was  one  encountered  in  tl 
deposits  of  OntS  '''•  '"  ^"""^'''"n  ^v.th  the  inyestigation  of  the  sa, 

Field  Examination. 

ont.'^b::tS;r';i,;"  ^tz  'Zo'm'^:  ^".^'^  r^^  "^  "^^  ^'-"  ^f  Brockym, 

(Brockyille  to  Bellyille)      ''  *^'""t'-^'^"   to  Toronto),  and  the  riyer  roac 

f^>'^^l^^^':ti^Jn1::1^  \h^  ''-P;>-'/-  »he  field  examin 

detailed  work  was  (.nlv  c-  rri, ,    l  n  ^  ^t       "  "[  '■"nsuierable  extent,  althoug 
No  time  was  avV.  ia   k  \o     'r      ho  .T^       •'  ""'"'l  1^"^"  '"  '^'"^  ^"^''t^h  map  F,^  ^2 

west^.ut  ,f.s  will  L^;,r  SH:j^£s;^ai:^:/^f  ^"  '^^  -^^  -  -  ^'" 

clay,  -saiHl,  and  .ravel,  thnigh^ii^hnummH;:'^  \''''fr''^  '"'^  '' ^""'<'- 

These  patches  of  bare  rock  cons^t    to  the  n      h   f '    i"^  ^'^""^  ["'"''  P''"^'-"^^^' 
sandstone,  and,  to  the  south  and  w^tf  i  '""'^  northeast,  of  Potsdam  ( ?1 

rock  examined  were  we!   "hris/r,';,"^  Laurentian  granites.    All  outcrop,  c-i 
ucll  glaciated,  and  ruunded,  showing  clearly  defined  stria' 
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"^  ''""''''"^  ^'"^  ^  ^-*  0.,crop   t=a  tL  P^,s  E3  re«: 


J 


know^n'to  t"u?dSa?„'  by'mouTdl^''''-  .''  ,^  ^ili »"  ^^  *»>«  ^^^^  --  so 
outcrops  already  mentbned  A  stre/m  '^  ''^'^'^l*^"  ^"^  ^^"""^  the  r 
clay  beneath  thi  sand  "^^'""^  ^^""""^^  ^''^  d«P°«'^  has  reve. 

ation  between  tLToamS  th-and         "^^  '^"''  ^^'  ^  ^^^"'^^  ""^  "^  ^em. 

andin\S"4''2f?'4^;ns"ttT  Tdf  tLT'f t  f  P°^'i  ^^°""  '"  ^^e  sket 
were  encountered  each  about  ^  iJh  a-^^^  ''°'^'  ^"^  P'^'^'  ""'v  ^^o  bould 
to  be  free  from  stonefin  th^L""  ealxa;''i^„:j''^'f^J--  ^^  '""'^  'i'  T"^  -PP<^ 
the  sand  and  boulder  clay  are  in  contact  t  n,I  \t\l^^^^  2^  ^^^  ^^^'P"^''-  ^^ 
frequent.  ^  contact,  it  may  be  that    the  boulders  are  m, 

pits  1"  r^xLmintJrd'"Jr^hoTe?"ord'  ''''''".'  °^  5^  ^^^^^'^  ^  ""-^e^  ^^  », 
results  obtained  fromfhei'piSnd'hSesa^ratSfow:"-'^  ^''^^^'^  ""^P-     "^ 

Record  of  Test  Pits  and  Borings  on  Brockville  Sand  Deposit. 

Hole  or  pit.  ^S^.^^      ""''^tg^n'r"''-  ^-J^'  bCow 

In^hes.^  Feet^     Inches  '"'"'^'"^  ^""^• 


1 

2 
3 
4 

5 
6 

7 

8 

9 
10 
11 
11a 
lib 

12 

13 
14 
15 
16 
17 

18  pit. 
19 
20  pit. 


8 

8 
14 
12 
10 
10 
15 

8 
10 

7 
10 


stiff  clay  to  a  depth  of  3  feet 


"  1 

Inches 

6 

10 

4 

8 

6 

8 

8 

10 

4 


Feet 
2 
1 
2 
2 
3 
2 
2 
2 
3 


8 

4 
0 
2 
6 

10 
9 
0 

10 
2 
6 


Inches. 
0 
6 
6 
6 
0 
0 
6 
8 
2 


sand  and  clay  inter- 
banded 
do 
sandy  clay. 


sandy  clay. 


bounK;e;e"notEed  ttTha't  th""'^'''  "'  ^^"^  ^-f/'^ble.  as  the  complete 
be  no  doubt,  judging  from  the  area  tested     "  '  ^^^^^'^^^^le  quanti-  there  ct 

Preliminary  Tests. 

and  ^hil'S'^a^pllXte  AI^fS  uT  r'^^"/^^^^^-'^  -«  «-*  -sited. 

for  three  iron  castings     one  at  a  fw'  n^"    .T'^o^''  ?"-?.''^^'  ^"  "^^'^'--  '"""'^^ 

I'ngs,   one  at  a  time,  usmg  the  Brockville  sand,  exclusively, 
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wt  P-UtSS;:^^^^  I-unds  and  a.,  three  casts 

corners  showing  clean  definition  ^  °°*''  '"'^^^^'  ^'^^  ^^m  scabs,  and 

each^^iX^inXi^^X^ThlSr^rS^^^^^  '°^^  «^  ^00  pounds 

way,  ,n  order  to  te.t  thrusting  LTS?n;S;•^'^°"u  P''^P^''«t'°"  '"  ^^Y 
taken  to  see  that  the  samples  collected  w?rereDr?inf.°^  '^f  f  "^-  ^'"''^  ^^^ 
as  far  as  could  be  ascertained  One  sh.TmLtf  ^  ^"/^^'""^  °^  ^^^  whole  deposit 
Fleck  Ltd.,  Ottawa,  wheie  the  first  tSrwereraH?'''"J°  l^'  ^?""^^y  °f  Alex 
""  A*;' both'r  *'^^^^  f-"dry  o&rrBTos'  bt?at?'  °^'^^  '''  P^""^« 
writA^^?fote;Jr„ir^^^^  pupervision  of  the 

castings  after  each  cast.      '  obtained,  and  examined  the  sand  and 

TEST  OF  SAND  AT  THE  FLECK  FOUNDRY.  OTTAWA 

fairly  hc^^v^t'LTs' oTcSl^ng"  t^order'fo  obtai^J^  "^^"^  when"employed  with 
amount  of  fresh  No.  3  Albany  r^ouldin.  sand  ""^^^T-^^  19"^'^^  the  same 
taken-  and  used  side  by  side  wiTh  the  Rrn^u  7  "^''  '"  ^^'"^  ^°""^ry  was 
After  each  cast,  each  sand  wat  kipt  -nafate  thnr  '^M  °"-'^"  ^^""^  P^^e-""- 
u^ed  again.  The  piece  cast  was  an^frcm'^^'^nee  in  trf  ^  "nxed,  sampled,  and 
10  inches  wide,  and  1  inch  thick-  with  a  Sh  fl  ^^ape  of  an  L,  5  feet  long, 
The  weight  of  the  casting  was  app;oxiL't dv'200ru;dT''  ''"''  '^^  °"^  ^'^' 

the  direct  supervision  of  the  for?ln  Vare 'v'T  tT'^'^'^^^^^^""^' ""der 
thoroughly  mixed  after  each  casting  A  .Zli  f  ^^^^"  ^^""^  ^^^^  ^^nd  was 
^esh,  and  after  each  burn  and  examined  .^^L^^J^^''  T"^  T'  '^^'"  when 
No  fresh  sand  was  added  t^  either  teTtInd  on K  t^'""'  ^•"^"^'^  Laboratories, 
lutely  necess.ry  was  employed  '    ^  ""'^    ^'^'^  '^'^^   '^"^l   that  was  abso- 

fff^^^r:op;:^':^z:i!^^zjts^\^f'^  ^^^  -  "---bie 

same  sand.  '"  ^'^"^"^  *^^"a-  '^r  from  the  first  and  fifth  cast  in  the 

The  ^^T  '^'^  '''''''  ''''  ™^  '''''^'°''  ^'^'^  FOUNDRY   OTTAWA 

run  of  -frk,\rpL;?/g^ra?evXrrnTh'ei"nl^^^^^  ""  ^--^' 

ville  sand  was  kept  separate  throughout  and  tL.f"'^  ''''''^  ^^^^  "^he  Br,  ck- 
and  iron,  all  castings  being  small  ThI' c.^  ^^  '  '^^  varied  between  brass 
burn  and  „o  fresh  sand  "dde?  to  it  ^VrSSfes"":^/;'  " ''  '^T'^^^^y  ^^^er  each 
taken  for  examination.     Seven  cast  nes  in  Si  1  """"I'^  alternate  burn  were 

weight  of  castings  varying  from  f 2  to  fo  pounds  f'"'^'  '"  ^^'  ^^'"^  ^^"d,  the 
All  castings  showed  clear,  sharp    well  do  fin  nH     ^  '^^'■''  ^'^^^'  ^"^  *^°  '"-O"- 

Tret^^''  ■'^■•gn  of  burning  appeared  on  .nvof'tf''  '?-^  '^'  ^"^^  '--^^  f^«^ 
^resh  Albany  sand.  No.  0,  as  uSd  in  tt^foS;^.  ^aVtrk^ntr  c^pSo  °^  ''' 

J..  Laboratory  Tests. 

-p.  GRANULOMETRIC   TEST 

-jples.  ;S?^on^%^T£;^^^^^^^^^^^^  were  each  treated  as  separate 

and  put  through  a  set  of  Tyler  Standard  <?  ^"artered,  and  100  grams  taken 

results  obtained  are  tabulat^ed  in  Table  I        '"''  °"  ^  '"echanical  shakS-      The 


12 


1  No.  3,  Albany  fresh  sand. 
{Fleck  foundry). 


TRANSVERSE   STRENGTH. 

The  test  for  determining  the  transverse  strength  or  bonding  power  of  thi 
sand  was  carried  out  in  a  similar  manner  to  that  employed  in  the  Bureau  o 
Standards,  Washington,  D.C.,  U.S.A.,  with  the  exception  of  always  taking  thi 
same  amount  of  water.  A  series  of  tests  were  run  on  each  sample,  varying  th( 
amount  of  water  S  c.c.  each  time,  and  taking  the  average  of  results  obtained  a 
the  transverse  strength.    The  results  of  the  tests  are  given  in  Table  II. 

TEST  FOR   REFRACTORINESS. 

A  test  for  the  refractoriness  of  the  fresh  Brockville  sand  was  made  by  pre 
paring  a  cone  and  fusing  it  in  an  electric  furnace  with  Standard  Seger  conea 
The  test  cone  fused  at  cone  8  which  is  equivalent  to  1290  degrees  C.  or  235^ 
degrees  F. 

Microscopic  Examination. 

The  fresh  sand,  as  well  as  the  samples  from  each  burn,  were  examined  undei 

a  bmocular  microscope,  and  the  following  notes  made: — 

No. 

Small  grains,  well  rounded.  Larger  grains,  semi- 
angular.  Quartz  predominant.  Occasional  grain 
of  magnetite;  all  were  coated  with  clay  and  of 
uniformly  yellowish  colour. 

,  1st.  burn.  Quartz  grains  in  some  cases  have  the  clay  partially 
burned  off.  Sintering  is  seen  in  a  few  cases  i  he 
smaller  grains.  In  most  cases  sand  grains  are 
unchanged. 

„  2nd.  burn.  Similar  to  No.  2  with  exception  that  the  sand  has 
a  darker  appearance,  due  to  occasional  grains 
having  turned  reddish  in  colour  from  the  oxidation 
of  the  ferric  iron  coating. 

„  3rd.  burn.  Sand  has  a  darker  appearance.  Sintering  more 
pronounced.  Cementing  of  groups  of  the  smaller 
grains  together.  Larger  grains  losing  their  clay 
coating  to  a  small  extent. 

„  4th.  burn.  Similar  to  No.  4  with  the  grouping  together  of  the 
smaller  grains  more  pronounced. 

„  5th.  burn.  Large  grains  have  taken  on  the  appearance  of 
spongy  masses  due  to  the  adhering  of  the  smaller 
particles  to  them.  Smaller  particles  are  grouped 
and  cemented  together  stil'  further.  Sintering 
quite  pronounced.  Occasionally  edges  of  larger 
grains  are  fused. 


5 
6 


7  Brockville  fresh  sand. 
{Fleck  foundry). 


Sand  consists  of  fairly  clean  quartz  sharp  and 
angular  with  only  a  very  thin  film  of  clay  coating. 
Magnetite,  hornblende,  feldspar,  and  mica  visible. 
Light  yellowish  colour. 
1st.  burn.  Sintering  appearing.  Sand  assuming  a  darker 
colour. 
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No. 

'  ^r'^'^'flfwi^"'^''"™-^'"*^""^  H"'*^  pronounced.     Larger  grains  have 
{,!' leek  foundry).  smaller  grains  cemented  to  them  and  the  smaller 

grams  commencing  to  group  together  in  cemented 
masses. 

*0         »  „  3rd.  burn.  Sintering  and  cementing  together  of  small  particles 

more  pronounced.  Sand  grains  showing  decided 
effect  of  heat. 

'*         "  »  ^t*"- burn.  Complete  fusion  in  mass  of  some  of  the  smaller 

groups  of  particles  can  be  seen.  The  edges  of  most 
of  the  larger  grains  have  become  fused  and  present 
an  appearance  of  water-worn  sand. 

*2  »  „  Sth.  burn.  Sintering  pronounced  in  most  of  the  grains.    Small 

grams  are  grouped  together  and  well  fused. 
Larger  grains  show  fusion  of  sharp  edges.  Bonding 
coating  has  disappeared  from  the  greater  percent- 
age of  grains. 

'' '( wi'^/-^'^'"'-  '^'''ti '''''''  ''''''''■  ^°  «•«"  °^  -*- 

1st.  burn.  Sand  similar  in  appearance  to  original. 

**  "  3rd.  burn.  No    sign    of    sintering.     Coating    only    slightly 

,c  ...  affected.     Otherwise  similar  to  original, 

**  n  4th.  burn.  Same  as  No.  14. 

'■^  "  5th.  burn.  Same  as  No.  15  with  slight  signs  of  sintering. 

''         •  '**>•  l^urn.  Slight     sintering.    Smaller     particles     in     some 

cases  cemented  together. 

18  No.  0  Albany  fresh  sand.  Highly   siliceous   sand.     Uniformly    graded    and 

coated.     Sand  particles  sharp  and  angular.     Light 
fLM-        .  .  yellow  in  colour. 

VIL^^r^nr^^^ttrat'enS)  "^"  ^^'^"'  ^""^  '''  ^^«^"  '"  ^'^^^  ^'^ 

Chemical  Analysis. 

result- ""''^'  ^"^'^'''  °^  '^^  BrockviUe  sand  was  made,  with  the  following 

Ultimate  Analysis. 

SiOl TA      TC 

Fe,0, ^|-^^  per  cent. 

A1,0, l-^>f     "       » 

CaO 12.63     „       „ 

MgO J.JO    „      „ 

K,0 2.73     „      „ 

"'« :::::::::::::;;:;;;;:::;;:  ?:iJ  :   : 

anaiysif  KoSa'vIfrJ'^''''"''.'"'..''  information  can  be  oot.nined  from  ultimate 
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Permeability  Test. 

The  prmeability  test  shows  that  the  permeability  increases  the  oftene 
the  sand  is  subjected  to  the  molten  metal.     Results  are  given  in  Table  III. 

CONCLUSIONS  DEDUCED  FROM  RESULTS  OF  TESTS. 
An  examination  of  the  results  obtained  from  the  series  of  tests  carried  ou 
on  this  sand  brings  out  some  interesting  facts  regarding  the  properties  of  mouldini 
sands,  and  their  behaviour  under  actual  working  conditions. 

Gronulometric  Analysis. 

By  comparing  the  No.  3  Albany  screen  analysis  with  the  Brockville  sane 
used  at  the  Fleck  foundry,  it  will  be  seen  that  there  is  in  both  cases  increase  ir 
the  coarseness  of  the  particles,  the  oftener  the  sand  is  submitted  to  the  heat  01 
the  molten  metal.  In  the  case  of  the  No.  3  Albany,  this  increase  is  uniform  anc 
very  gradual ;  whereas  with  the  Brockville  sand  the  changes  are  abrupt,  and  noi 
uniform,  showing  a  tendency  of  the  smaller  particles  to  become  cemented  together 
On  the  other  hand,  the  Brockville  sand  as  used  at  the  Lawson  foundry,  shows 
only  a  slight  increase  after  each  burn,  and  the  increase  is  uniform. 

Tests  for  Transverse  Strength. 

In  examining  the  results  obtained  by  the  tests  for  transverse  strength  it  h 
seen  that  both  in  the  No.  3  Albany  and  the  Brockville  sand  used  at  Fleck's,  there 
is  a  gradual  decrease  in  the  amount  of  water  used  and  also  a  decided  decrease  ir 
the  transverse  strength.  In  the  case  of  the  Brockville  sand  used  at  LawsonV 
the  decrease  in  strength  is  only  slight. 

Microscopic  Examination. 

By  microscopic  examination  of  the  samples  obtained  after  each  burn,  and 
also  the  fresh  sand,  some  interesting  data  were  secured.  The  Brockville  sand 
(Flecks),  shows  decided  sintering  and  cementing  together  of  the  smaller  grain> 
to  the  larger  ones,  with  a  consequent  decrease  in  bonding  po*-er.  This  sintering 
and  cementing  together  of  the  particles  is  shown  plainly  in  the  microphotographs, 
Plate  VII.  The  sand  tested  at  Lawson's  shows  very  little  alteration  when 
examined  under  the  microscope. 

Chemical  Analysis. 

The  conclusions  to  be  drawn  from  the  chemical  analysis  are  so  slight  that 
It  can  be  dispensed  with  in  an  examination  of  this  kind,  the  physical  tests  being 
the  only  ones  of  value. 

SUMMARY  OF  RESULTS. 

Summing  up  the  results  obtained  in  the  tests,  it  appears  that  the  Brockville 
sand  is  a  suitable  moulding  sand  for  stove  plate  and  similar  light  work  in  iron, 
but  although  the  heavier  castings  made  in  it  were  seemingly  all  right,  it  would 
not  be  advisable  to  use  it  on  very  heavy  work,  as  the  possibility  of  its  failure 
would  be  greater  than  the  coarse  sands  in  general  use,  owing  to  the  fineness  of 
Its  texture  with  the  resultant  tendency  to  sinter  when  exposed  repeatedly  to  the 
molten  metal. 

It  appears  to  answer  all  requirements  for  use  in  the  general  run  of  brass 
foundry  work.  With  a  little  care  in  selection  and  grading  at  the  pit,  several 
grades  uniform  in  texture  could  be  obtained. 
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Explanation  o»  Platb  VI. 

Mirrophotographs 
No.  3  Albany  Sand 

(Oblique  reflected  light) 
( Magnification— 13  dknu.) 

1.  Frenh  sand, 

2.  After  1st.  Bum, 
.'■      »      2nd.     , 

4-  .  3rd.  , 
S.  ,  4th.  . 
«'        ,.       5th.     . 
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Expi  ANATiON  OF  Plate  VII. 


Microphotographs 

Brockville  Sand 
(Fleck's  Foundry) 

(Oblique  reflected  light) 
(Magnification  — 12  diamt.) 

7.  Fresh  sand, 

8.  After  Ut.  Burn, 

9.  ,      2nd.     , 
II'.       ,      3rd.      , 

11.  ,      4th.      . 

12.  .      Sth.      . 
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Explanation  ok  I'i  ate  VIII. 

Microphotographc 

Broikviile  Snul. 

il.,i\v>rt;i's  Foundry') 

(Oblique  rfllecie<l  light) 
(Magnilicaiion     12iliams.) 

13.  .-Xfier  1st.  BLni, 

1-i-  -      3rd.      „ 

1-^  „      -Jth.      ., 

lu-  ,      5th.      , 

17.     ,     ;th.    . 

i.V  No  0  Albany  Fresh  Sand. 
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